INTRODUCTION
Transparent exopolymer particles (TEP), with an approximate size range of 0.4−100 µm (Passow 2002 , Mari et al. 2017 , are a significant or even dominant component of particulate organic carbon (POC) in biogeochemical cycles. These roles include enhancement of large aggregate formation, which strengthens the vertical transport of organic carbon (biological carbon pump) (Passow & Carlson 2012 , Jackson & Burd 2015 , and promotion of surface microlayer development, which affects ocean− atmosphere gas exchange (Wurl et al. 2011 , Galgani et al. 2016 . They also provide microhabitats for microbes to thrive in environmental conditions that are distinct from those in the surrounding bulk seawater (Azam & Long 2001 , Simon et al. 2002 . However, our current knowledge of TEP distribution and dynamics is mostly based on information obtained in the upper oceans (Passow 2002 , Orellana & Leck 2014 , Mari et al. 2017 . Only a few studies have investigated TEP distribution in the deep ocean (Bar-Zeev et al. 2011 , Wurl et al. 2011 , Cisternas-Novoa et al. 2015 , Busch et al. 2017 ). In the subtropical North Pacific (maximum depth, 4580 m), TEP were found throughout the water column with concentrations that varied little over depth (Cisternas-N ovoa et al. 2015) . Similarly, in the eastern Pacific and Arctic Oceans, TEP were found in layers deeper than 2000 m (Wurl et al. 2011 ). In the Mediterranean Sea, the TEP concentration was higher in deep waters (300−1000 m) than in the subsurface chlorophyll maximum layer, where most TEP were associated with prokaryotic cells (Bar-Zeev et al. 2011) . A recent study conducted in the Arctic Fram Strait also revealed that TEP in meso-and bathypelagic waters were colonized by prokaryotes, with densities (cell abundance per unit area of TEP) similar to those in upper waters (Busch et al. 2017) . This evidence suggests that TEP are potentially a significant component of the POC pool and can provide organic carbon substrates for microbial consumption in deep waters. However, it has proven difficult to test these hypotheses due to the lack of data regarding the contribution of TEP to the organic carbon inventory and fluxes in the deep sea. Furthermore, our understanding of the geographic variability of TEP abundance in deep oceanic realms is severely limited. This paucity of data represents a major gap in our understanding of biogeochemical processes in meso-and bathypelagic layers, where large quantities of organic carbon are remineralized and transformed to affect global ocean carbon cycles and the Earth's climate (Nagata et al. 2010 , Passow & Carlson 2012 , Hansell & Carlson 2014 .
The present study investigated the full depth distribution of TEP concentrations in 2 disparate oceanic regions of the Arctic Ocean, and the subtropical and tropical regions of the central Pacific Ocean. The data were evaluated in relation to POC concentrations and prokaryotic parameters (abundance and production) to infer possible regulatory mechanisms of the TEP distribution and the potential contribution of TEP to the organic carbon inventory in deep oceans.
MATERIALS AND METHODS

Collection of seawater samples
Seawater samples were collected in the slope region of the Chukchi Sea in the western Arctic Ocean onboard the RV 'Mirai' (MR12-E03, 3 September to 17 October 2012), and in the subtropical and equatorial regions of the western and central Pacific Ocean onboard the RV 'Hakuho-maru' (KH13-7, 11 to 29 December 2013). Seawater was sampled from 8 stations in the Arctic Ocean and from 3 stations in the Pacific Ocean (Fig. 1 , Table 1 ) using 12 l N iskin bottles (Model 1010X; General Oceanics) mounted on a conductivity-temperaturedepth (CTD) system (SBE11Plus; Sea-Bird Electronics). Surface water was collected using a clean bucket. Samples for the measurement of TEP as well as prokaryotic abundance and production were collected in acid-washed 2 or 1 l polycarbonate bottles (N algene; Thermo Scientific Fisher), and samples for POC measurement were collected in acidwashed 20 or 10 l polyethylene bottles. Samples were filtered within 3 h of collection or stored at 4°C and filtered within 12 h.
TEP
Seawater samples for the determination of TEP concentration (n = 3 replicates; 500−600 ml of seawater replicate −1 ) were filtered through 0.4 µm pore size polycarbonate filters (47 mm diameter; Whatman) with a vacuum of less than 150 mmHg, and stained with 0.02% w/v of a cationic dye, Alcian blue (8GX; Sigma-Aldrich), dissolved in 0.06% v/v acetic acid. The filters were frozen at −20°C prior to colorimetric determination in the onshore laboratory (Passow & Alldredge 1995) . The filters were soaked in 80% sulfuric acid for 3 h, and the absorbance at 787 nm was measured using a spectrophotometer (UV-1800; Shimadzu). For the measurement of filter blanks, 1 l surface seawater samples were passed through a 0.4 µm filter (polycarbonate filter, 47 mm diameter; Whatman) before use. The absorbance of the blank value was on average 0.03 ± 0.01 (mean ± SD, n = 9) in the Arctic Ocean (a blank measurement was made at 9 selected stations, including stations in the shelf re gion described by Yamada et al. 2015) , whereas the corresponding value was 0.06 ± 0.01 (mean ± SD, n = 3) in the Pacific Ocean (a blank measurement was conducted at every station). The mean absorbance of samples was at least 3 times higher than the blank value. For the calculation of TEP concentrations, the mean filter blank value was first subtracted from the absorbance for the samples. TEP concentration was then calculated using the calibration factor determined by the staining capacity of xanthan gum ac cording to Passow & Alldredge (1995) and expressed in terms of µg xanthan gum equivalent per liter (µg Xeq l −1 ). The carbon associated with TEP (TEP-C) was estimated using the lowest (most conservative) conversion factor (0.51 µg C [µg Xeq] −1 ) reported by Engel & Passow (2001) , which was also used by Jennings et al. (2017) . Our TEP-C estimates have uncertainty inherent to the use of this conversion factor derived from phytoplankton (Engel & Passow 2001 ) and must be interpreted with caution (see 'Discussion'). 
POC
Seawater samples were filtered through pre-combusted (450°C for 4 h) glass fiber filters (GF/F; Whatman), with a nominal pore size of 0.7 µm. The filters were kept frozen (−20°C) until analysis in the onshore laboratory. The filters were fumed overnight with HCl using the vapor method (Yamamuro & Kayanne 1995 , Turnewitsch et al. 2007 to remove carbonates and then dried at 60°C for 24 h. POC was quantified with an elemental analyzer (N A-1500; Fisons Instruments), using acetanilide (Thermo Electron) as a standard. The same pre-combusted (450°C for 4 h) GF/F were used for the measurement of the filter blanks. The mean filter blank value was subtracted from the value obtained for the samples.
Prokaryotic abundance
For the determination of prokaryotic abundance, a 2 ml seawater sample was collected in a sterile cryogenic vial (N algene) and fixed by adding 100 µl of 20% glutaraldehyde (final concentration 1%). The fixed sample was frozen in liquid nitrogen and then stored in a freezer (−80°C) until analysis in the onshore laboratory. Following Yang et al. (2010) , samples in the upper layers (depth ≤200 m) were diluted 10-fold with TE buffer (10 mmol l 
Prokaryotic production
Prokaryotic production was estimated from the rate of 3 H-leucine incorporation (Kirchman 2001) . A 1.5 ml seawater sample was placed in a 2 ml sterile tube, amended with 10 µl of 3 H-leucine (N ET1166, specific activity 146.5 and 161 Ci mmol −1 in the Arctic and Pacific Oceans, respectively, final concentration 10 nmol l −1 ; PerkinElmer) and were incubated for 1−2 h (upper layers with depths ≤200 m) or 24 h (deeper layers with depths > 200 m) at in situ temperature (± 2°C) in the dark. The incubation was stopped by adding 80 µl of 100% w/v trichloroacetic acid (TCA), and then the sample was centrifuged at 14 000 rpm (20 800 × g) for 10 min (Kubota 1130 or Eppendorf 5417R). After the extraction of the precipitate with 1 ml of 5% TCA and 1 ml of 80% ethanol, samples were completely dried and 1 ml of a liquid scintillation cocktail (Ultima Gold; PerkinElmer) was added to the sample. The radioactivity was measured using a liquid scintillation counter (TRI-CARB 3110TR, PerkinElmer; or Wallac 1414, Wallac Oy). Prokaryotic production was calculated using a leucine-to-carbon conversion factor of 1.55 kg C mol −1 , assuming no isotopic dilution (Simon & Azam 1989 ). For each sample, 3 replicates and 1 TCA-killed control were prepared. The coefficient of variation (SD/mean × 100) among the triplicate samples averaged ca. 10%. Owing to the small volume of the samples used for leucine incorporation rate measurements, the production estimates in this study represent free-living prokaryotes.
Environmental parameters
Salinity, temperature, and potential density (σ θ ) were determined with a conductivity, temperature, and depth (CTD) logger (SBE9Plus and SBE11Plus; SeaBird Electronics). Data obtained in the Arctic Ocean were provided by the Japan Agency for Marine-Earth Science and Technology (JAMSTEC) and were available via the JAMSTEC data website (www.godac.jamstec.go.jp/darwin/cruise/mirai/mr12 -03/e). Photosynthetically active radiation (PAR) was determined at selected stations using a quantameter (Biospherical PAR Sensor [LI-COR] in the Arctic Ocean and Hyper Profiler [Biospherical Instruments] in the Pacific Ocean) and a pyranometer (Precision spectral pyranometer; EPLAB). PAR at the surface (0 m) was calculated using a conversion equation: PAR = 0.45 × shortwave irradiance, which was measured using the pyranometer (Campbell & N orman 1998) . The chlorophyll a (chl a) concentration was determined using a fluorometer (Seapoint Sensors) mounted on a CTD system. The concentrations of nutrients (nitrate and phosphate) were determined spectrophotometrically using an autoanalyzer (QuA Atro, Bran+Luebbe).
Statistical calculations were performed using SigmaPlot 13.0 software (Systat Software).
RESULTS
General oceanographic features of the investigated regions
In the western Arctic Ocean, we analyzed the data collected at 8 sampling stations in the slope region of the Chukchi Sea (Fig. 1) . The general oceanographic features in the study region have been described elsewhere (Yamada et al. 2015) . Briefly, a strong influence of the northward flow from the Bering Strait characterizes the hydrography of the study region (Coachman et al. 1975 , Springer & McRoy 1993 , Aagaard et al. 2006 . Relatively warm (0−1°C) Atlantic Ocean water (salinity: 34.0−34.9, σ θ : 27−28) was present in the intermediate layer (ca. 175−900 m) (Talley et al. 2011) . Below a depth of ca. 900 m, the dominant water mass was the N orth Atlantic Deep Water (salinity: ~35, σ θ : ~28) (Schmitz 1996a , Talley et al. 2011 ) (Stn WA3, Fig. 2A ). The other stations (i.e. WA1, WA2, and WA4−WA8) are shown in Figs. S1−S7 in the Supplement at www. int-res. com/ articles/ suppl/ m583 p081 _ supp. pdf. The euphotic zone depth, de fined as the depth at which PAR was 1% of the surface PAR flux, ranged from 48 to 83 m. In the eu photic zone, the ranges of water temperature and chl a concentration were −1.6−4.1°C and 0.12−1.2 µg l −1
. The concentrations of nitrate and phosphate ranged from < 0.02−10.0 µM and from 0.52−1.60 µM, respectively (Table 1) .
In the Pacific Ocean, the sampling stations were located in the N orth Pacific Subtropical Gyre (Stn CP1: 20°N, 160°E), the center of the equatorial upwelling (Stn CP2: Equator, 170°W), and the southern edge of the South Pacific Subtropical Gyre (Stn CP3: 10°S, 170°W; Fig. 1 ). The vertical profiles of salinity, temperature, and potential density are given in Fig. 3A .2) at a depth of 560− 800 m at Stn CP1 (Fig. 3A) and the Antarctic Inter mediate Water (salinity: ~34.5, σ θ : 27.2−27.5) at a depth of ca. 720−1300 m at Stns CP2 and CP3 (Fig. S9A ) (Schmitz 1996b , Talley et al. 2011 . Deep water masses were dominated by the North Pacific Deep Water (σ θ : > 27.2) at Stn CP1, and the Circumpolar Deep Water (σ θ : > 27.5) at Stns CP2 and CP3 (Schmitz 1996b , Talley et al. 2011 . The euphotic zone depth ranged from 70−114 m across all stations. In the euphotic zone, the ranges of water temperature and chl a were 23.2−30.2°C and 0.09−1.4 µg l −1
. The concentrations of nitrate and phosphate were in the ranges of < 0.02−6.4 and < 0.01−0.60 µM, respectively (Table 1) .
Vertical distribution of POC, TEP, and prokaryotic parameters
In the Arctic, both POC and TEP concentrations were generally high in the upper layer and decreased with depth (Fig. 2B,C) . The most prominent decrease in POC and TEP concentrations was generally found at depths between 200 and 300 m. These values were relatively constant in the water column below 300 m. The extent of the depth-dependent decrease was more pronounced for POC than for TEP. Prokaryotic abundance and production also decreased with depth, with the most prominent decrease (by 1.2-to 210-fold) being found in the depths between 100 and 300 m (Fig. 2D) .
In the Pacific Ocean, the vertical distribution of POC was markedly different from that of TEP (Fig. 3B,C) . The POC concentration was high in the upper layer and generally decreased with depth. In contrast, the TEP concentration was relatively uniform throughout the water column. The mean TEP concentration in the upper layer (depth 0−200 m; 25 ± 7.4 µg Xeq l ; Table 2 ). Both prokaryotic abundance and production were relatively constant from the surface to the depth of 100 m and decreased sharply in the layers between 100 and 200 m. In the meso-and bathypelagic layers, these values varied little with depth (Fig. 3D) . Fig. 4 compares the TEP concentration with other variables including POC concentration, prokaryotic abundance, and prokaryotic production. In the Arctic, TEP concentration was significantly positively correlated (p < 0.001) with these variables (Fig. 4A, C,E) . In contrast, the correlations were in significant (p > 0.05) in the Pacific (Fig. 4B,D,F) .
Comparison of TEP-C and POC concentrations
The TEP-C values were estimated using a conversion factor derived from phytoplankton and used to compare TEP-C with POC concentration in the upper (0−200 m), mesopelagic (200− 1000 m), and bathypelagic (1000− 4000 m, Pacific only) layers (Table 3) . The TEP-C concentration was close to the POC concentration in the upper layer (the ratio of TEP-C to POC was 0.8−1.6), whereas it exceeded the POC in the mesopelagic layer of both regions (TEP-C concentrations were 2−3 times higher than the concentrations of POC) and in the bathypelagic layer of the Pacific Ocean (TEP-C concentrations were 6 times higher than the con centrations of POC). 
DISCUSSION
We examined the TEP distribution from the surface to bottom layers of 2 disparate regions of the Arctic and Pacific Oceans. Despite the fact that the surface chlorophyll concentrations were similarly low in both regions, TEP concentrations in deeper layers were significantly higher in the Arctic Ocean than in the Pacific Ocean. In addition, there was a difference in the vertical distribution pattern of TEP between these 2 regions. TEP concentrations tended to de crease with depth in the Arctic Ocean, whereas they were distributed uniformly with depth in the Pacific Ocean. In the following discussion, we first compare our data with values from the literature and address potential mechanisms affecting the TEP distribution, which is followed by a discussion of the contribution of TEP-C to the organic carbon inventory with consideration of methodological limitations.
TEP distributions and potential mechanisms
affecting them in the deep sea 3.2 ± 0.1 10 ± 1.8 3.2 ± 0.6 >1000−4000 7.5 ± 0.8 41 ± 2.6 5.5 ± 0.7 Table 3 . Particulate organic carbon (POC) and transparent exopolymer particle (TEP) carbon (TEP-C) concentrations (g C m −2
), and the ratio of TEP-C to POC in different depth layers of the Arctic and Pacific Oceans. Values are means ± SD. Error propagation is considered to derive SDs for TEP-C/ POC. TEP-C was estimated by using the conversion factor of 0.51 µg C (µg Xeq) −1 , where Xeq: xanthan gum equivalent (Engel & Passow 2001) . The number of data points (n) are 7 and 8 at depth layers of 0−< 200 m and > 200−1000 m in the Arctic, respectively, and 3 at the all depth layers in Pacific oceans. The depth-integrated values were derived using a trapezoidal assumption. The concentrations at depths of 200, 1000, and 4000 m were estimated, if necessary, by either inter-or extrapolation using data collected at the adjacent depths (ND: no data) Jennings et al. 2017) . However, if they are incorporated into rapidly sinking particles through coagulation with higher-density particles (e.g. minerals, phytoplankton cells, and fecal pellets), TEP can be transferred to the deeper layers and even to the bottom (Passow 2002 , Mari et al. 2017 . TEP are likely to be released (dissociated) from sinking particles during their transit in the water column, a process that can be enhanced by hydrolysis of the aggregate networks by ectoenzymes produced by colonizing bacteria (Azam & Long 2001 , Kiørboe 2001 . This process of TEP transfer might contribute to high TEP concentrations in deep Arctic waters. Yamada et al. (2015) found that large amounts of TEP produced on the Chukchi shelf were transported northward toward the Canada Basin through the slope region. Their results support the idea that some TEP were delivered to deeper layers of the slope region during their lateral transit from the shelf to the basin. Furthermore, the positive correlation between POC and TEP concentration (coupling of POC and TEP) in the Arctic Ocean is consistent with the model of TEP being vertically transferred to deeper layers associated with sinking POC. In addition to vertical transfer, lateral transport of TEP driven by deep water flow might also influence the TEP distribution in the deep sea, a possibility that should be examined in future studies.
In situ production of TEP might influence the TEP concentration and distribution in deep waters. One such mechanism for this is prokaryotic TEP production. In the upper oceans, several studies have found that TEP concentrations increase with increasing heterotrophic prokaryotic abundance and production (Stoderegger & Herndl 1999 , Sugimoto et al. 2007 , Bar-Zeev et al. 2009 , Ortega-Retuerta et al. 2010 . Fig. 6 compares our results with data collected in the upper Mediterranean and the Southern Ocean (Ortega-Retuerta et al. 2009 . The TEP concentration relative to prokaryotic abundance was generally much higher (up to 30-fold) in the Arctic and Pacific waters (including deep waters) than in the upper Mediterranean and the Southern Ocean (Fig. 6A) . The TEP concentration relative to prokaryotic production in the former was also generally much higher (up to 1400-fold) than that in the latter (Fig. 6B) . Largely different prokaryote-TEP relationships between the upper and deep oceans under- score the complexity of interactions between TEP and prokaryotes. Prokaryotes can be a source of TEP as well as consumers (decomposers) of TEP and TEP precursors (Yamada et al. 2013 , Busch et al. 2017 . The prokaryotic parameters−TEP relationship may be the net outcome of opposing (i.e. source and sink) prokaryotic actions on TEP abundance, which may vary depending on prokaryotic growth conditions and community composition. Another potential in situ mechanism of TEP production is the self-assembly of polymeric precursors in seawater (Chin et al. 1998 , Verdugo 2012 . Gels are thought to be produced by the spontaneous assembly of polymers in seawater and may contribute to the transition of dissolved organic carbon (DOC) to POC (Chin et al. 1998 , Verdugo 2012 . Because high-molecular-weight DOC (HMW-DOC), presumably containing polymeric substances, is distributed throughout the deep water column (Kaiser & Benner 2009 , Benner & Amon 2015 , the self-assembly of polymeric precursors might explain the relatively uniform TEP distribution in deep Pacific (this study) and Atlantic (Cisternas-Novoa et al. 2015) waters. In their experiments conducted in the subtropical North Pacific, Ding et al. (2007) found that gels were formed by polymer self-assembly in deeper waters (500− 4000 m). Although their results suggest a potential role for polymer self-assembly in gel formation in deep waters, there is no evidence that the gels detected by their Ca 2+ binding assay were TEP. Further studies are required to investigate whether marine gels containing acidic polysaccharides (TEP) spontaneously assemble in deep waters.
Methodological problems with TEP-C estimation and possible contribution of TEP-C to organic carbon inventory in deep waters
Our results of the comparison of TEP-C and POC should be interpreted with great caution due to methodological problems. First, TEP-C in our study was estimated using a conversion factor (0.51 µg C [µg Xeq] −1 ) determined from laboratory experiments using diatom cultures (Engel & Passow 2001) . In their study, POC was determined using samples collected on 0.45 µm pore size filters instead of the more conventional Whatman GF/F, which have a nominal pore size of 0.7 µm. We used the lowest conversion factor reported by Engel & Passow (2001) , which ranged from 0.51 to 0.88 µg C (µg Xeq) −1 , to estimate TEP-C conservatively. The same low conversion factor has been used recently by Jennings et al. (2017) to examine the contribution of TEP-C to total organic carbon across a productivity gradient in the upper water column and surface microlayers. However, the applicability of this conversion factor in deep waters has yet to be tested. If the organic carbon yield relative to the Alcian Blue-reactive residues (sulfate and carboxyl groups) of TEP was systematically lower in the deeper than in the shallower waters, the TEP-C values estimated from the conversion factor for the shallower water (diatom-derived fresh TEP) could be too high. However, the genes coding prokaryotic enzymes that cleave sulfate residues (sulfatase) and carboxyl residues (carboxylase) are widespread and highly expressed in marine microbes (DeLong et al. 2006 , Teeling et al. 2012 . This suggests that the selective preservation of these reactive groups is unlikely in deep waters, although this should be verified in future studies. Second, the adsorption onto the filters of polymeric precursors that react with Alcian Blue may result in an overestimation of the TEP concentration (Passow & Alldredge 1995) . However, in our study, the TEP concentrations on the filter blanks measured by the filtration of 0.4 µm filtered seawater were at least 3 times lower than those of the samples, indicating that the effect of polymer adsorption was minimal. Third, TEP-C concentrations may exceed POC concentrations because of the use of different pore size filters for the determination of TEP (0.4 µm pore size polycarbonate filter) and POC (0.7 µm pore size GF/F filter). If large quantities of organic carbon associated with TEP passed through the GF/F filters, but were retained on the 0.4 µm polycarbonate filters, this would explain the high TEP-C relative to POC. The large contribution of small TEP to total TEP concentrations has been reported in coastal waters of the North Pacific, where TEP in the size fraction of 0.2−0.6 µm accounted for 67% of total TEP (Passow & Alldredge 1995) . Further studies are required to determine the size distributions of TEP and POC in deep waters. Finally, determination of TEP and POC from discrete water samples collected in N iskin bottles may suffer from biases associated with sampling and sample processing. A recent study showed that TEP concentration was underestimated by 1−13% due to settling of TEP in the space below the spout of Niskin bottles (Suter et al. 2017) . If this occurred during our sampling, we might have slightly to moderately underestimated TEP concentrations.
Although there are several potential problems associated with the estimates of TEP-C concentration, our first-order estimates indicated that TEP-C concentrations were several-fold greater than POC.
The contribution of TEP-C to the total organic carbon inventory in deep waters could be significant. Compared with DOC and HMW-DOC values reported in the Pacific Ocean (Skoog & Benner 1997: 2°S, 140°W and 12°S, 135°W; and Kaiser & Benner 2009: 22.75°N , 158°W) , concentrations of TEP-C integrated over the meso-and bathypelagic water columns accounted for only 2−3% of DOC. However, TEP-C accounted for a significant fraction (10−14%) of HMW-DOC, suggesting that TEP-C could affect HMW-DOC measurements in deep Pacific waters. As discussed in the previous section, high TEP abundance in deep water may be related to vertical transport and in situ production of TEP (prokaryotic TEP production and the self-assembly of polymers). The relative contributions of different mechanisms in determining the TEP distribution at depth likely differ among oceanographic regions, as suggested from the markedly different vertical distribution patterns of TEP between the Arctic and the Pacific Oceans. Given the high potential contribution of TEP to the organic carbon inventory in the deep ocean, future studies should clarify the roles of TEP in key biogeochemical processes in the ocean interior, including the transition of DOC to POC, vertical and lateral transport of organic carbon, and organic carbon remineralization.
CONCLUSIONS
This study showed that the concentrations and vertical distribution of TEP in deep oceanic water columns differed between the Arctic and the Pacific Oceans. We suggest that TEP transport (possibly via the sinking of TEP aggregates and their disintegration during transit through the water column) and in situ TEP production (prokaryotic production and the self-assembly of polymeric precursors) had an influence on TEP distributions in the deep sea. Our data also suggest that TEP-C significantly contributes to the organic carbon inventory in meso-and bathypelagic layers of both oceans, underscoring the necessity for future studies to examine the hitherto understudied organic carbon fluxes mediated by TEP in deep waters. For such studies, improvement in the accuracy of TEP-C determination in deep waters is urgently needed, with a primary goal being the reduction of uncertainties associated with the TEP to TEP-C conversion. A more accurate assessment of the TEP-C dynamics in deep waters should help resolve many of the emerging questions concerning the prokaryotic lifestyle (DeLong et al. 2006 , Sunagawa et al. 2015 , prokaryote−organic carbon interactions (Arrieta et al. 2015) , the apparent complexity of carbon cycles (Hansell & Carlson 2013 , Follett et al. 2014 , and large apparent discrepancies between organic carbon supply and microbial carbon demand (Burd et al. 2010 , Nagata et al. 2010 , Uchimiya et al. 2013 in deep oceanic realms.
